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A Critical Evaluation of Multiple Sequence Alignment

Programs in Aligning Domains of the Bcl-2 Family

INTRODUCTION

Multiple sequence alignments are a valuable tool in the biological sciences. They can
help to determine aspects of protein structure, identify important regions for protein function,
and classify proteins into families. The advent of the genomic era with the complete sequencing
of multiple organisms has increased the importance of correctly aligning similar proteins both
within and across species. When only two proteins need to be aligned, it is possible to compare
each amino acid of one sequence to that of the other and determine the best path that will
maximize the alignment of the two sequences. However, the amount of computational time that
is required to perform the same analysis on a larger set of sequences limits the use of this method
in generating multiple sequence alignments. Thus, numerous heuristic approaches have been
developed to counter this problem. These different methods may enable the programs to perform
better under one set of conditions than another. Here, I assess the abilities of five multiple
sequence alignment programs — Clustal W, MultAlin, T-Coffee, MAP, and ProAlign — to

properly align the Bcl-2 homology domains both within a subfamily and among the subfamilies.

Overview of Multiple Sequence Alignment Programs

Many multiple sequence alignment programs have been developed based solely on one or
a combination of two widely used approaches, a progressive or iterative method. In the
progressive method, originally introduced by Feng and Doolittle [1], the two most similar

sequences are aligned first followed by the incorporation of more divergent sequences into the
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alignment. The iterative approach, on the other hand, uses a scoring function to guide the
alignment such that a higher score reflects a more biologically correct alignment [2]. Often, this
requires repeat iterations of the process until there is no further optimization of the score.

The programs selected for this analysis are based on variations of the progressive method.
The majority of these programs first perform pairwise comparisons of the sequences in a given
set to determine their relatedness. This information is used to generate a dendrogram or guide
tree that reflects the degree of similarity among the sequences. The two most closely related
sequences are then aligned first, and the algorithm follows the guide tree to determine the order
by which additional sequences will be incorporated. MultAlin is an iterative, progressive
alignment that uses the UPGMA method to generate a guide tree [3]. However, this program
generates a multiple sequence alignment by first aligning within individual clusters before
aligning among the clusters. Once an initial alignment is produced, the program then gives the
alignment a score that is the sum of the pairwise alignment scores. It then repeats the
hierarchical clustering and continues this process until there is no further change in the
dendrogram that is produced. Thus, by taking into account that some subsets of the sequences
may be more similar to one another than to the other sequences in the set, MultAlin is expected
to work well in data sets containing different families of proteins.

ClustalW is a progressive pairwise sequence alignment that was designed to improve the
sensitivity of traditional progressive alignment programs, specifically by addressing the
parameter choice problem [4]. The basis for this problem is that traditional progressive
alignment algorithms selected a single weight matrix and fixed gap penalties for opening and
extending gaps regardless of its position within the sequence. A single weight matrix is

problematic when divergent sequences are aligned because there is less sequence identity present
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and more mismatches. Determining the proper weight to give to mismatches is important in
determining how the sequences are to be aligned. The second issue of having fixed values for
gap opening and extension is problematic because gaps do not occur randomly in proteins.
Residues within a domain or secondary structure are less likely to possess gaps than linker
segments between these structural elements. ClustalW improves upon both parameters by giving
different weights to sequences within a set and varying the gap penalties in a position and residue
specific manner. Sequences are assigned different weights based upon their evolutionary distance
relationships derived from a dendrogram generated using the Neighbor Joining program. Similar
sequences get down-weighted while divergent sequences are up-weighted. In addition, gap
penalties are varied based upon the likelihood of a gap being present next to each of the 20
amino acids and on the presence of loops as suggested by a string of 5 or more hydrophilic
residues. Gaps that occur in loop regions are penalized less than those that occur within a
secondary structure. Thus, ClustalW is expected to provide enhanced sensitivity and has become
a widely used program in aligning multiple sequences.

The program T-Coffee (Tree-based Consistency Objective Function for alignment
Evaluation) was designed to improve upon ClustalW by addressing the problem of “greediness”
that is not addressed by ClustalW [5]. The concept of “greediness” refers to the concept that
mistakes made early on in an alignment can be propagated to the rest of the alignment since the
two most similar sequences are aligned first, and the rest of the alignment follows this initial
alignment. To generate a better alignment, T-Coffee generates both local and global pairwise
alignments among all the sequences and then builds a library that incorporates both sets of
alignments. The program then aligns sequences taking into account how each sequence aligns

with its closest neighbor and in relation to all other sequences. By considering information from
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all sequences and not just the information from the already aligned sequences, T-Coffee hopes to
avoid placing too much emphasis on the alignment of the two closest related sequences and
correct mistakes that may occur early on in the alignment process.

The MAP program is a global progressive alignment method that is designed to perform
well with aligning sequences of various lengths [6]. Sequences that share similar regions but in
which one sequence may have a region of deletion or insertion may not align well using
traditional algorithms that penalize heavily for gap openings and extensions. To counter this
problem, the MAP algorithm performs pairwise alignments in which terminal gaps are not
penalized and large internal gaps are assigned a low penalty. These pairwise alignments are then
given a score and two sequences having the highest scores are aligned first, followed by the
alignment of different clusters. This method was demonstrated to perform better than the
Needleman-Wunsch algorithm for sequences of different lengths and give similar results for
sequences of similar lengths.

Finally, the program ProAlign is a recently developed probabilistic multiple sequence
alignment strategy that uses hidden Markov models to generate a progressive alignment [7]. The
program first performs pairwise alignments and clusters the sequences using the Neighbor
Joining method as in ClustalW. Unlike ClustalW, ProAlign then generates a probabilistic
alignment of the two sequences at each node, tracing backwards to the root node. Once the root
node is reached, the program builds a multiple sequence alignment by determining the path that
maximizes the probability. In addition, the program calculates a posterior probability that
reflects the reliability of the aligned region. These five programs, reflecting different algorithms
for performing a progressive multiple sequence alignment, will be compared in this analysis of

Bcl-2 family proteins.
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Bcl-2 Family Proteins

Proteins of the Bcl-2 family function as critical regulators of cell survival and cell death
(reviewed in [8]). The founding member Bcl-2 was originally identified from B-cell lymphoma,
and the protein was found to aid not in cell proliferation but in cell survival. Since then,
additional members have been identified based on the presence of one or more of the Bcl-2
homology (BH) domains. These BH domains mediate self-interactions or associations among
different family members. Bcl-2 proteins are further divided into three subfamilies based upon
their function and structure (Figure 1). The first subfamily is known as the Bcl-2 subfamily and
includes members that, like Bcl-2, function to promote cell survival. Members of this family
include Bcl-w, Bel-x, Mcl-1, and Bfl-1. Bcl-2, Bel-w, and Bcl-x are closely related and share all
four BH domains, while Bfl-1 and Mcl-1 are more distantly related members and share only 2 or
3 of the BH domains, respectively (Table 1). The other two subfamilies include proteins that
promote apoptosis, either directly, as is the case with the Bax subfamily, or through interactions
with anti-apoptotic family members, as occurs with members of the BH3 subfamily. Bax
subfamily members contain BH1, BH2, and BH3 domains and include the proteins Bax, Bak,
and Bok. BH3 members, as their name suggests, possess only the BH3 domain. Aside from this
region, BH3 proteins share little sequence similarity. This subfamily includes the proteins Bad,
Bid, Bik, Bim, and Hrk. These three subfamilies will be used to analyze the ability of the
various multiple sequence alignment programs to properly align shared BH domains under three
separate conditions: 1) among closely related subfamily members, 2) among more distantly

related subfamily members, and 3) among members from all three subfamilies.
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METHODS

Sequence and Domain Data

Members of the Bcl-2 family were identified from the Prosite database in Swiss-Prot. The
entries Bcl2 Family (accession number PS50062) and BH3 (accession number PS01259) were
used to obtain the accession numbers for all family members used in this analysis. The
following proteins were included: Bcl-2 subfamily — Bel-2 (P10415), Bel-w (Q92843), Bel-x
(Q07817), Mcl-1 (Q07820), and Bfl-1 (Q16548); Bax subfamily — Bax (Q07812) and Bak
(Q16611); BH3 only subfamily — Bad (Q92934), Bid (P55957), Bim (043521), Bik (Q13323),
and Hrk (O00198). Of note, the proteins Bad and Bim were noted to be false negatives in the
BH3 prosite entry. All selected sequences corresponded to human proteins. The region
corresponding to the BH domains within each protein were obtained from each protein entry in

the Swiss-Prot database and is shown in Table 1.

Multiple Sequence Alignment Programs and Parameters

The following websites and parameters were used to perform sequence alignments with each of
the different algorithms. Unless otherwise specified, the gap opening penalty was set to 10 and

gap extension penalty was set at 1. MultAlin was performed at

http://prodes.toulouse.inra.fr/multalin/multalin.html using a Blosum62 matrix. ClustalW and

MAP were both performed at http://searchlauncher.bcm.tmc.edu/multi-align/multi-align.html. A

Blosum matrix was used in both cases; however, MAP utilized a Blosum50 matrix while a
particular Blosum matrix could not be specified for ClustalW. T-Coffee was performed at

http://www.ch.embnet.org/software/TCoffee.html. The matrix and gap penalty parameters could

not be specified for this program. The software for the ProAlign program was downloaded from
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http://evol-linux1.ulb.ac.be/ueg/ProAlign/ and run using Java on a Windows personal computer.

The PAM120 matrix was used for this program.

Data Presentation and Alignment Scores

Alignment outputs from each program were copied and pasted into the BoxShade 3.21 server to
generate the multiple alignment views. Residues shaded red are identical in at least half of the
sequences while those in blue represent similarity. To compare the alignments among different
programs, a formula was developed to calculate an alignment score. First, a box was drawn
around a region showing the best alignment for each domain. Within this box, each amino acid
identity was assigned a value of 1, and each similarity was given a value of 0.5. To penalize for
gaps and non-aligned residues, each gapped space resulted in a deduction of 0.5, and residues
that should be aligned within the marked boundary but which was lied outside the boundary was
scored —1. However, no deduction was assigned to terminal gaps or gaps that spanned the entire
marked region. Thus, the formula for the alignment score for a given domain is as follows:

[(# of identical aa) + 0.5(# of similar aa) — 0.5(gap spaces) — (# of aa outside domain
boundary)]/total number of aa in boundary x 100. This scoring method provides relative
numbers in which to compare the results of the multiple sequence alignments from the various

programs.

RESULTS

Alionment of closely related sequences within a subfamily

A structural view of all Bcl-2 family proteins used for these analyses is shown in Figure

1, and a table listing the BH domain boundaries for each protein is displayed in Table 1. To
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determine the ability of each program to align closely related sequences from the same
subfamily, two different sets of analyses were performed. First, the three Bcl-2 subfamily
members Bcl-2, Bel-w, and Bel-x were aligned (Figure 2A-E). These three proteins share all 4
BH domains and are the most closely related among the subfamily members. In this case, four
out of the five programs succeeded in aligning all 4 of the BH domains within each of the
proteins. T-Coffee and ProAlign gave a slightly better alignment than that of MAP and
MultAlin, but in general, the four are comparable and gave comparable alignment scores (Table
2). ClustalW, however, failed to align the BH4 domain within Bcl-w (Figure 2B). The second
analysis examined the alignment of the two Bax subfamily members Bax and Bak (Figure 3A-
E). These two proteins share BHI, BH2, and BH3 domains. Here, all five programs were
successful in aligning all three domains. However, there were a few small differences present in
a couple of the alignments. MultAlin, ClustalW, and MAP aligned all three BH domains
identically and provided the best possible alignments overall (Figure 3A, B, D). T-Coffee
differed in its alignment of the BH3 domain in which a gap was introduced (Figure 3C). The
introduction of this gap allows for the two terminal amino acids in Bax to align with two residues
in Bak; however, because these two residues are not part of the BH3 domain in Bak, it is not as
biologically accurate an alignment. ProAlign performed the poorest in comparison to the other
programs due to its alignment of the BH1 and BH2 domains (Figure 3E). ProAlign does not
have any gaps in either sequence; however, in this case, introducing a gap in one of the
sequences actually provides for a better alignment of the conserved residues within each domain.
Thus, while T-Coffee and ProAlign gave slightly better alignments with the Bcl-2 subfamily, the

other three programs were more successful in aligning domains of the Bax subfamily. Overall,
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however, all five programs were fairly successful in aligning the BH domains when a high

conservation of amino acid similarity is present in the domains.

Alionment of dissimilar sequences within a subfamily

To determine how each program would handle more distantly related protein sequences,
another two sets of analyses were performed. First, the BH3 only subfamily members Bad, Bid,
Bim, Bik, and Hrk were aligned (Figure 4A-E). These proteins share little sequence similarity
aside from the BH3 domain. In addition, the BH3 domain is the least conserved of the four BH
domains. The negative alignment scores accurately reflect this poor alignment (Table 2). In this
situation, none of the programs were capable of aligning the BH3 domains present in all of the
sequences. The highest number of sequences that had the BH3 domain properly aligned was
three, and this was achieved by the programs ProAlign and T-Coffee (Figure 4E and 4C,
respectively). Both of these programs failed to align Bad and Bim. However, considering that
Bad and Bim were the two proteins that are false negatives in the ProSite database for BH3
domain proteins, this is not too surprising. MultAlin, ClustalW, and MAP all gave poor
alignments. MultAlin could only align two of the BH3 domains (Figure 4A) while ClustalW
failed to align any (Figure 4B). MAP, on the other hand, did give a partial alignment of three of
the sequences and aligned the remaining two sequences separately (Figure 4D). However, the
program introduced gaps in the partially aligned BH3 domain, and a large number of gaps were
present in the overall alignment. Thus, all five programs failed to align a domain that exhibits
low sequence conservation.

The second means of determining how the various programs compare in aligning

domains found in dissimilar proteins is by the addition of two distantly related members to the
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previous alignment of the Bcl-2 subfamily. Mcl-1 and Bfl-1 are more distant members that do
not possess all four BH domains. Mcl-1 contains the first three BH domains while Bfl-1
contains only BH1 and BH2. In addition, Mcl-1 has a long N-terminal insertion (Figure 1).
Thus, this analysis will allow for the examination of how the absence of domains and the
presence of long insertions in a protein are handled by the various multiple sequence alignment
programs. In this situation, none of the programs successfully omitted sequences that lacked a
particularly domain (Figure 5SA-E). Ideally, Mcl-1 and Bfl-1 should have gaps present in the
alignment regions of the domains that are absent. Instead, sequences from Mcl-1 or Bfl-1 were
included in the alignment of the BH3 or BH4 domains with the other proteins. MultAlin was
most successful overall at aligning all domains correctly in each of the proteins (Figure 5A).
MAP was also highly successful, except for the presence of a domain split in the BH3 domain
(Figure 5D). Both of these programs also recognized the absence of a BH4 domain in either Bfl-
1 or Mcl-1 but not both. While T-Coffee did align the four domains accurately, it failed to
exclude sequences from either the BH3 or BH4 alignment in proteins that did not possess them
(Figure 5C). ClustalW aligned three of the four domains correctly but failed to align the BH4
domain of Bel-w (Figure 5B). Finally, ProAlign gave a poor alignment of all of the domains,
with the introduction of gaps in the middle of the BH1 and BH3 and the misalignment of
sequences in BH2 and BH4 (Figure SE). Thus, the addition of more distantly related proteins
adversely affects the multiple sequence alignments for a given set of closely related proteins, and

the absence of domains in a protein is not well discriminated by the programs.
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Multiple sequence alignment across subfamilies

To determine whether each alignment program is capable of aligning shared domains in a
large set of sequences containing proteins that share one of more domains, all Bcl-2 proteins
except for Mcl-1 were aligned using each program. Mcl-1 was excluded from this analysis due
to a lack of sufficient computer memory required to align this sequence using the ProAlign
software. In this situation, the MAP alignment gave the highest alignment score (Table 2). The
BH1, BH2, and BH4 domains are well aligned with the absence of extraneous sequences from
proteins that lack these domains (Figure 6D). However, the BH3 domain is poorly aligned, with
only half of the sequences containing this domain being aligned. In addition, this program
produces an alignment that is filled with gaps among the sequences. However, it is of interest to
note that both the Bcl-2 and Bax subfamily members are aligned closely with one another and
the majority of gaps are present in the BH3 only proteins, which share little sequence similarity.
T-Coffee also produced a good alignment of each of the four domains (Figure 6C). However,
unlike MAP, it tries to align some sequences that do not contain a particular domain among the
others that do. MultAlin aligns the BH1, BH2, and BH4 domains well but misaligns some
sequences within the BH3 domain (Figure 6A). This program also includes sequences that do
not possess a particular domain among those that do. This same pitfall occurs in the ClustalW
alignment (Figure 6B). However, this program aligns only the BH1 and BH2 domains
accurately and fails in aligning some sequences in the BH3 and BH4 domains. ProAlign was
capable of aligning the BH1 and BH4 domains correctly but did not fully align the BH2 and BH3

domains (Figure 6E).



Truong 12

DISCUSSION

An evolutionarily correct or biologically relevant multiple sequence alignment is a very
useful tool to have in molecular biology. Because of its many applications, algorithms for
performing multiple sequence alignments have been developed and improved upon throughout
the years. Due to a lack of sufficient computer memory and a desire for speed, heuristic
approaches have largely been used in these methods. Many of these are based on a progressive
pairwise alignment that aligns the two most similar sequences first followed by more distantly
related sequences. In this analysis of the multiple alignment programs MultAlin, ClustalW, T-
Coffee, MAP, and ProAlign, the BH domains in the Bcl-2 proteins were aligned as separate test
sets. Specifically, areas of improvements in the alignment programs could be seen from this
data. In general, for sequences that are closely related, such as the Bcl-2, Bel-w, and Bcl-x, all of
the programs performed well. Because these sequences shared a high degree of similarity for all
shared BH domains, it provides the simplest test of aligning domains. Slight differences in the
alignment of some of the BH domains could be seen, but overall, most were identical or highly
similar. This was evident by the similar alignment scores calculated for the programs in aligning
closely related Bcl-2 subfamily members or Bax subfamily members. Differences in the
performance of the programs, however, could be found either when sequences with very low
amino acid similarity were aligned or when more distantly related sequences were introduced to
a set of closely related sequences. In the case of aligning the BH3 subfamily members, which is
a poorly conserved domain and in which members share little sequence similarity apart from this
domain, all programs performed poorly. None of the programs were capable of aligning this
domain among all the members. The best alignments were produced with ProAlign and T-

Coffee with the misalignment of the two proteins Bad and Bim. These two proteins possessed
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less conserved BH3 domains and were noted as false positives in the ProSite database. In
addition, the inclusion of more distantly related members into the Bcl-2 subfamily alignment
lowered the ability of some programs to properly align all the domains. This was especially
apparent with the ProAlign program, which gave a poor alignment of all four BH domains.
Finally, when a large set of sequences containing members from all three subfamilies having low
similarity among some of the proteins aside from a shared BH domain were aligned, most
programs performed poorly. In general, similar pitfalls were present as seen previously. T-
Coffee and MAP performed the best in aligning the domains. Whereas T-Coffee correctly
included all proteins in each domain that possessed the domain, it also included sequences from
proteins that lacked the domain. MAP succeeded in leaving out sequences that lacked a
particular domain from the alignment of that domain but failed in aligning members of the BH3
subfamily with the BH3 domains within the other proteins. Thus, a few points can be noted from
these different analyses. First, high amino acid conservation will provide good alignments with
any of the programs. Second, the problem of aligning multiple sequences with low conservation
or that are distantly related still poses a significant problem for these alignment programs. In
particular, programs had difficulty in excluding sequences from a domain alignment when that
domain was not present in the sequence. Thus, sequences with low amino acid similarity or
which do not possess the same domains remain a problem for these various alignment programs.
Finally, some of the strengths and weaknesses of the five programs could be observed in
how they handled each sequence set. ProAlign performed best with sequences that were closely
related and were of similar lengths. It performed poorly when distantly related members of the
Bcl-2 subfamily were introduced because these proteins possessed deletions or insertions in the

sequence compared with Bcl-2. Such differences in lengths may not work well with hidden
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Markov models. ClustalW performed well with highly conserved domains, such as those found
in the Bcl-2 and Bax subfamilies but failed in aligning the less well conserved BH3 domain of
BH3 subfamily members. T-Coffee, which was designed to improve upon Clustal W, does show
an improvement. In all cases, T-Coffee generated an alignment that was as good or better than
that of ClustalW. It was better at handling domains that were not well conserved as well as
handling distantly related protein sequences. MultAlin and MAP, like ClustalW, performed well
under conditions where the domains were well conserved but not in the case of the less
conserved BH3 domain of the BH3 only subfamily. However, it was also apparent that MAP has
a tendency to introduce a high number of gaps in the alignments. This can be attributed to the
MAP algorithm that has a very low penalty for gaps and is designed to align conserved regions
in distantly related proteins. In the analysis that included all Bel-2 subfamilies, MAP was highly
successful in excluding sequences that did not possess a particular domain from the domain
alignment. This was not observed in the other programs. In conclusion, the choice of which
multiple alignment program to use becomes an issue when an alignment is to be performed with
sequences that have low amino acid similarity or with less conserved domains. While T-Coffee
generally performed the best overall, some programs gave a slight advantage under certain
conditions. It is clear that improvements on multiple sequence alignment programs are still

needed to make this a better tool for molecular biology.
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Figure 1. Structure and classification of the Bcl-2 family

members selected for this analysis. (Adapted from [8])

BH1 BH2 BH3 BH4
Bcl-2 Subfamily
Bcl-2 136-155 187-202 93-107 10-30
Bcl-w 85-104 136-151 42-56 9-29
Bcl-x 129-148 180-195 86-100 4-24
Mcl-1 252-272 304-319 | 209-223
Bfl-1 77-97 132-147
Bax Subfamily
Bax 98-118 150-165 59-73
Bak 117-136 169-184 74-88
BH3 Subfamily
Bik 57-71
Bid 86-100
Hrk 33-47
Bad 110-124
Bim 148-162

Table 1. BH domains in Bel-2 family proteins. The locations of all known
BH domains for each Bcl-2 family member are shown (from Swiss-Prot).
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MultAlin |ClustalW| T-Coffee| MAP | ProAlign |
Bcl-2 (3)
BH1 88.33 88.33 88.33 88.33 88.33
BH2 72.92 72.92 72.92 72.92 72.92
BH3 75.00 75.55 75.55 75.55 75.55
BH4 70.49 19.05 72.95 70.49 72.95
Total 306.74  255.85 309.75 307.29 309.75
Bcl-2 All
BH1 73.04 73.04 73.04 73.04 28.51
BH2 62.35 62.35 62.35 62.35 6.58
BH3 36.49 37.33 37.33 27.97 13.33
BH4 46.25 20.49 36.08 53.79 10.48
Total 218.13] 193.21 208.80] 217.15 58.90
Bax
BH1 56.98 56.98 56.98 56.98 47.62
BH2 42.42 42.42 42.42 42.42 40.63
BH3 39.66 39.66 36.21 39.66 39.66
Total 139.06] 139.06] 135.61] 139.06] 127.91
BH3
BH3 -41.100 -59.700  -18.46] -51.32 -8.67
All
BH1 26.03 24.18 35.15 61.89 27.72
BH2 20.22 17.37 34.33 50.00 10.97
BH3 -16.26)  -13.11 25.000 -38.89 -2.78
BH4 29.39 15.09 20.70 48.00 -9.50
Total 59.38 43.53 115.18  121.00 26.41

Table 2. Alignment scores for the various algorithms in each set
of analyses. See methods for how these values were calculated.
The total score is calculated by adding the individual scores of each
domain for a given algorithm. “Bcl-2 (3)” refers to the alignment
of Bcl-2, Bel-w, and Bel-x whereas “Bcel-2 All” includes Mcl-1

and Bfl-1. “All” refers to the alignment of all selected Bcl-2

family proteins with the exception of Mcl-1.
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MultAlin

Bcl-2 1 MAHAGRTGYPNREIVMKYIHYKLSORGYEWDAGDVGAAPPGAAPAPGIFSSQPGHTPHPA
Bcl-X 1 ...... MSQSNRELVVDELSYKLSOKGYSWS . . QF SDVEENRTEAPEGTESEMETPSAIN
Bcl-w 1 MATPA.SAPDTRALVADEVGYKLROKGY . .|. .« ottt ittt it ittt i tttieeeeeenns

Bcl-2 61 ASRDPVARTSPLQTPAAPGAAAGPALSPVP.PVVHLTLRQAGDDFSRRYRRDFAEMSSOL
Bcl-X 53 GNPSWHLADSPAVNGATGHSSSLDAREVIPMAAVKOALREAGDEFELRYRRAFSDLTSOL
Bcl-w D VCGAGPGE. .GPAADPL. .. .|. HOAMRAAGDEFETRFRRTFSDLAAQL

Bcl-2 120 HLTPFTARGRFATVVE
Bcl-X 113 HITPGTAYQSFEQVVN
Bcl-W 69 HVTPGSAQQRETQVSD

MCVESVNREMSPLVDNIALWMTE
LCVESVDKEMQVLVSRIAAWMAT
LCAESVNKEMEPLVGQVQEWMVA

Bcl-2 180 YLNRHLH GPSMRPLEDF....SWLSL.KTLLSLALVGACITLGA
Bcl-X 173 YLNDHLE GNNAAAESRK. .. .GQERFNRWFLTGMTVAGVVLLGS
Bcl-W 129 YLETRL GDGALEEARRLREGNWASVRTVLTGAVALGALVTVGA

Bcl-2 235 YLGHK
Bcl-X 229 LFSRK
Bcl-W 189 FFASK

Figure 2A.
Clustalw
Bcl-W 1 oo MATPASAPD
Bcl-X R MSQSNRELVVDFLSYKLSOKGYSWSQFSDVEENRTEAPEG-TESEMETPSAING
Bcl-2 1 MAHAGRTGYDNREIVMKYIHYKLSQRGYEWDAGDVGAAPPGAAPAPGIFSSQPGHTPHPA

Bcl-W 10 TRALVADFVGYKLRQKGYVCGAGPGEGPAADPLHOAMRAAGDEFETRFRRTFSDLAAQLH
Bcl-X 54 NPSWHLADSPAVNGATGHSSSLDAREVIPMAAVKOALREAGDEFELRYRRAFSDLTSOLH
Bcl-2 61 ASRDPVARTSPLQTPAAPGAAAGPALSPVPPVVHLTLRQAGDDESRRYRRDFAEMSSQLH

Bcl-W 70 VITPGSAQQREFTQVSD
Bcl-X 114 ITPGTAYQSFEQVVN
Bcl-2 121 LTPFTARGRFATVVE

LCAESVNKEMEPLVGQVQEWMVAY
LCVESVDKEMQVLVSRIAAWMATY
MCVESVNREMSPLVDNIALWMTEY

Bcl-W 130 LETRL GDGALEEARRLRE--GNWASVRTVLTGAVALGALVTVG
Bcl-X 174 LNDHL GNNAAAESRKGQERENRWEFLTGMTVAGVVLLGSLESRK
Bcl-2 181 LNRHL G-—--PSMRPLFD--FSWLSLKTLLS-LALVGACITLG

Bcl-W 188 AFFASK
Bcl-X 234 —-——-—-—-
Bcl-2 234 AYLGHK

Figure 2B.
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T-Coffee

Bcl-2 1 MAHAGRTGYPNREIVMKYIHYKLSORGYEWDAGDVGAAPPGAAPAPGIFSSQPGHTPHPA
Bcl-W 1 -MATPASAPDPTRALVADEVGYKLROKGYVH-—--—————=====——————————————— ——
Bcl-X 1 —————- MSQISNRELVVDEFLSYKLSOKGYSWS—--QFSDVEENRTEAPEGTESEM-ETPS-A
Bcl-2 61 ASRDPVARTSPLQTPAAPGAAAGPALSPVPPV—-——-—1 VHLTLRQAGDDFEFSRRYRRDFAEM
Bcl-W 29 BGA---——————— e ——— - GPGEGPAADP——-—-+1 LHOQAMRAAGDEFETRFRRTFSDL
Bcl-X 51 INGNPSWHLAD--SPAVNGATGHSSSLDAREVIPMAAVKOALREAGDEFELRYRRAFSDL

Bcl-2 116 SSQLHLTPFTARGRFATVVE
Bcl-w 65 AAQLHVTPGSAQORFETQVSD
Bcl-X 109 TSQLHITPGTAYQSFEQVVN

MCVESVNREMSPLVDNIAL
LCAESVNKEMEPLVGQVQE
LCVESVDKEMQVLVSRIAA

Bcl-2 176 WMTEYLNRHLH GPSM----RPLFDFSWLSLKTLLSLAL-VGACI
Bcl-W 125 WMVAYLETRLA GDGALEEARRLREGNWASVRTVLTGAVALGALV

Bcl-X 169 WMATYLNDHLﬂ GNNAAAESRK---GOQERFNRWFLTGMTVAG-VV

Bcl-2 231 TLGAYLGHK
Bcl-W 185 TVGAFFASK
Bcl-X 225 LLGSLEFSRK

Figure 2C.

MAP

Bcl-W 1 MATPASAP-[DTRALVADEVGYRLROKGY —J-——=—=-—=-—=———————— -
Bcl-X I MSQISNRELVVDELSYKLSOKGYSHSQF SDVEENRTEAPEGTESEMETPSAINGN
Bcl-2 1 MAHAGRTGY[DNREIVMKYIHYKLSQRGYEWDA-GDV--—--GAAPPGAAP---APGIFSSQ
BCl-W 28 —————mm oo VC€GAGPGEGPAADPHLHQAMRAAGDEFETHFRR
Bcl-X 55 PSWHLADSPAVNGATGHSSSLDAREVIPMAA-—=—=-—=——=—- VKQALREAGDEFELHYRR
Bcl-2 53 PG-HTPHPAASRDPVARTSPLQT-PAAPGAAAGPALSPVPPVVHLTLRQAGDDESRHYRR

Bcl-W 60 TFSDLAAQLHVTPGSAQORFETQVS LCAESVNKEMEPLV
Bcl-X 104 AFSDLTSQLHITPGTAYQSFEQVV ALCVESVDKEMQVLV
Bcl-2 111 DFAEMSSQLHLTPEFTARGRFATVV MCVESVNREMSPLV
Bcl-W 120 GQVQEWMVAYLETRL GDGALEEARR--LREGNWASVRTVLTGA
Bcl-X 164 SRIAAWMATYLNDHLE] GNNAAAESRKGQERENRWE-——-- LTGM
Bcl-2 171 DNIALWMTEYLNRHLH G————- PSMRPLFDFS-WLSLKT-LLSL

Bcl-W 178 VALGALVTVGAFFASK
Bcl-X 219 TVAGV-VLLGSLESRK
Bcl-2 224 ALVGACITLGAYLGHK

Figure 2D.
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ProAlign

BclwW 1 MATPA-SAPDTRALVADEVGYKLROKGYVOGAG-——————————————————————————
Bcl-2 1 MAHAGRTGY[DNREIVMKYIHYKLSORGYEWDAGDVGAAPPGAAPAPGIFSSQPGHTPHPA
BclX 1 MSQS----+ —NRELVVDEFLSYKLSOKGYSWSQFSDVEENRTEAPE-GTESEMETPSAING
BclW 33 ————mmm - PGEGPAADP-—--——-—- LHOAMRAAGDEFETRFRRTFSDLAAQLH
Bcl-2 61 ASRDPVARTSPLQTPAAPGAAAGPALSPVPPVVHLTLRQAGDDESRHYRRDFAEMSSOLH
BclX 54 NPSWHLADSPAVNGATGHSSSLDAREVIPMAAVKQALREAGDEFELR%RRAFSDLTSQLH
BclW 70 VTPGSAQQORFTQVS LCAESVNKEMEPLVGQVQEWMVAY

Bcl-2 121 LTPFTARGREFATVVE MCVESVNREMSPLVDNIALWMTEY
BclX 114 ITPGTAYQSFEQVV LCVESVDKEMQVLVSRIAAWMATY

Bclw 130 LETRLA GDGALEEARRLREGNWASVRTVLTGAVALGALVTVGAF
Bcl-2 181 LNRHL G----PSMRPLFDFSWLSLKT-LLSLALVGACITLGAY
BclX 174 LNDHLHE G-—---NNAAAESRKGQERFNRWEFLTGMTVAGVVLLGSL

Bclw 190 FASK
Bcl-2 236 LGHK
BclX 230 FSRK

Figure 2E.
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MultAlin
BAK 1 MASGQGPGPPROECGEPALPSASEEQVAQDTEEVFRSYVEFYRHOOEQEAEGVAAPADPEM
BAX 1 .MDGSGEQP...RGGGPT....SSEQIMKTGALLLQGFI....... ODRAGRMGGEAPEL

BAK 61 VTLPLQPSSTMGQVGRQLAIIGDDINRRYDSEFQTMLQHLQPTAENAYEYFTKIA
BAX 46 ALDPVPQDASTKKHLSECLKRIGDELDS.|.NMELORMIAAVD. .TDSPREVEFRVAA

BAK 121 LALHVYQHGLTGFLGQVTREVVDEMLHHCIIARWIAQRGGWVA
BAX 102 LVLKALCTKVPELIRTIMGWTLDFLRERLIG . WIQDOGCGWDG

BAK 180 [ALNLGNGPILN.VLVVLGVVLLGQEFVVRRFFKS
BAX 161 [LLSYHGTPTWQTVTIFVAGVLTASLTIWKKMG.

Figure 3A.
ClustalW
BAK 1 MASGQGPGPPRQECGEPALPSASEEQVAQDTEEVFRSYVFYRHQQEQEAEGVAAPADPEM
BAX 1 -MDGSGEQPRG---GGPTS—--—-—=——=——— SEQIMKTGALLLQGFIODRAGRMGGEAPEL

BAK 61 VILPLQOPSSTMGQVGRQLAIIGDDINRRYDSEFOTMLOQHLOQPTAENAYEYFTKI
BAX 46 ALDPVPQDASTKHLSECLKRIGDELDS-|-NMELORMIAAVDTDSP--REVEFFRV

BAK 121 RLALHVYQHGLTGFLGQVTREVVDEMLHHC JARWIAQRCGWVA
BAX 102 KLVLKALCTKVPELIRTIMGWTLDEFLRERLIG-WIQODOCCWDG

BAK 180 ALNLGNGPILNVLVVLGVVLLGQFVVRRFFKS
BAX 161 |LLSYHGTPTWQTVTIFVAGVLTASLTIWKKMG

Figure 3B.
T-Coffee
BAK 1 MASGQGPGPPRQECGEPALPSASEEQVAQDTEEVFRSYVEFYRHQQEQEAEGVAAPADPEM
BAX 1 -MDGSGEQP---RGGG---PTSSEQ-IMKTGALLLQGFI-————-— ODRAGRMGGEAPEL

BAK 61 VTLPLQPSSTMGQVGRQLAIIGDDINRRYDSEFQTMLQHLQPTAENAYEYFTKIAL
BAX 46 ALDPVPQDASTKKLSECLKRIGDEL--—--DSNMELQRMIAAVDTDSPREVEFRVAA

BAK 121 RLALHVYQHGLTGFLGQVTREVVDEFMLHHC JARWIAQRCCWVA
BAX 102 KLVLKALCTKVPELIRTIMGWTLDFLRERLIG-WIQDOGCEWDG

BAK 180 [ALNLEGNGPILNVLVVL--GVVLLGQFVVRRFFKS
BAX 161 [LLSYHGTPTWQTVTIFVAGVLTASLTIWKKMG--

Figure 3C.
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MAP
BAX 1 -MDGSGEQP---RGGGPT----SSEQIMKTGALLLQGFI---—-——-— ODRAGRMGGEAPEL
BAK 1 MASGQGPGPPROECGEPALPSASEEQVAQDTEEVFRSYVEFYRHOOEQEAEGVAAPADPEM

BAX 46 ALDPVPQDASTKKLSECLKRIGDELDS-{-NMELORMIAAVD--TDSPREVEFRV
BAK 61 VILPLOPSSTMGQVGRQLAIIGDDINRHYDSEFQOTMLOHLOPTAENAYEYFTKI

BAX 102 KLVLKALCTKVPELIRTIMGWTLDEFLRERLIG-WIQODOGCWDG
BAK 121 RLALHVYQHGLTGFLGQVTREVVDEFMLHHC JARWIAQRGCWVA

BAX 161 [LLSYHGTPTWQTVTIFVAGVLTASLT IWKKMG--
BAK 180 [ALNLGNGPILNVLVVL--GVVLLGQFVVRRFFKS

Figure 3D.
ProAlign
BAX 1 -MDGSGEQP---RGGGP----TSSEQIMKTGALLLQGFI---—-——- ODRAGRMGGEAPEL
BAK 1 MASGQGPGPPRQECGEPALPSASEEQVAQDTEEVFRSYVEYRHOQOEQEAEGVAAPADPEM

BAX 46 ALDPVPQDASTKKLSECLKRIGDELDS-FNMELORMIAAVDTDSPREV-FFRVA
BAK 61 VILPLQPSSTMGQVGRQLAIIGDDINRR[YDSEFQTMLQHLQPTAENAYEYFTKI

BAX 103 KLVLKALCTKVPELIRTIMGWTLDE-LRERLIGWIQODOCCWDGL
BAK 121 RLALHVYQHGLTGFLGQVTREVVDEFMLHHCIARWIAQRCGWVAA

BAX 162 [LSYEGTPTWQTVTIFVAGVLTASLTIWKKMG
BAK 181 |ENLGNGPILNVLVVLGVVLLGQFVVRRFFKS

Figure 3E.
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MultAlin

BAD
BID

................. MEFQIPEFEPSEQEDS. .SSAERGLGPSPAGDGPSGSGKHHRQA
MDCEVNNGSSLRDECITNLLVFGFLQSCSDNS . FRRELDALGHELPVLAPQWEGYDELQT

BIM 1 MAKQPSDVSSECDREGRQLQPAERPPQLRPGAPTSLQOTEPQGNPEGNHGGEGDSCPHGSP
BIK L e e e e MSEVRPLSRDILMETLLYEQLLEPPT
HRK P MCPCPLHRGRGPPAVCACS
BAD 42 PGLLWDA.SHQQEQPTSSSHHGGAGAVEIRSRHSSYPAGTEDDEGMGEEPSPFRGRSRSA
BID 60 DGNR..S.SHSRLGRIEADSESQEDIIRNIARHLAQVGD.SMDRS[ . .PPGLVNGLALQL
BIM 61 QGPL..A.PPASPGPFATRSPLFIFMRRS|SLLSRSSSGYFSFDTDR. .SPAPMS.CDKST
BIK 27 MEVLGMTDSEEDLDPMEDFDSLECMEGSDRLALRLACIGDEMDVS[.RAPRLAQLSEVAMH
HRK 20 AGRLGLRSSAAQLTAARLKALGDELHQRTMWRRRARSRRAPAPGA[LPTYWPWLCAAAQVA
BAD 101 PPNLWAAQRYGRELRRMSDEFVDSFKKGLPRPKS.AGTATQMRQ. .SSSWTRVFQSWIWDR
BID 114 RNTSRSEEDRNRDLATALEQLLQAYPRDMEKEKTMLVLALLLAKKVASHTPSLLRDVEFHT
BIM 115 QTPSPPCQAFNHYLS.AMASMRQAEPADMRPE. ..IWIAQELRRIGDEFNAYYARRVFLN
BIK 87 SLGLAFIYDQTEDIRDVLRSFMDGFTTLKEN...... IMRFWRSPNPGSWVSCEQVLLAL
HRK 80 ALAAWLLGRRNL . ¢ttt vt ettt e et eeet et e e e et eaeeeneneaenns
BAD 158 NLGRGSSAPSQ. .. vuvuenuenennnn

BID 174 TVNFINQNLRTYVRSLARNGMD......

BIM 171 NYQAAEDHPRMVILRLLRYIVRLVWRMH

BIK 141 LLLLA...... LLLPLLSGGLHLLLK. .
5023

Figure 4A.

ClustalwW

BIK 1 —————— - MSEVRPLSRDILMETLLYEQLLEPPTMEVLGMTDSEEDLDPMEDFDSLE
HRK I e e EEE L E e P e MC
BID 1 —--MDCEVNNGSSLRDECITNLLVFGFLQSCSDNSFRRELDALGHELPVLAPQWEGYDEL
BAD I MFQIPEFEPSEQEDSSSAERGLGPSPAGDGPSGSGKHHRQAPGLLWDASHQOEQ
BIM 1 MAKQPSDVSSECDREGRQLQPAERPPQLRPGAPTSLQOTEPQGNPEGNHGGEGDSCPHGSP
BIK 50 CMEGSDALALRLACIGDEMDVSLRAPR—----LAQLSEVAMHS[LGLAFIYDQTEDIRDVL
HRK 3 PCPLHRGRGPPAVCACSAGRLGLRSS------AAQLTAARLKALGDELHQORTMWRR---—
BID 58 QTDGNRSSHSRLGRIEADSESQEDIIRNIARHLAQVGDSMDRS[I PPGLVNGLALQLRNTS
BAD 55 PTSSSHHGGAGAVEIRSRHSSYPAGTEDDEGMGEEPSPFRGRSRSAPPNLWAAQRYGREL
BIM 61 QGPLAPPASPGPFATRSPLFIFMRRSSILSRSSSGYFSFDTDRSPAPMSCDKSTQTPSPP
BIK 105 RSFMD---GFTTLKENIMRFWRSPNPGSWVSCEQVLLALLLLLALLLPLLSGGLHLLLK-
HRK 53 R--—-———————————- ARSRRAPAPGALPTYWPWLCAAAQVAALAAWLLGRRNL-----
BID 118 RSEEDRNRDLATALEQLLQAYPRDMEKEKTMLVLALLLAKKVASHTPSLLRDVFHTTVNF
BAD 115 RRMSD----- EFVDSFKKGLPRPKSAGTATQMROSSSWTRVFQSWWDRNLGRGSSAPSQ-
BIM 121 CQAFN------ HYLSAMASMRQAEPADMRPEIWIAQELRRIGDEFNAYYARRVFLNNYQA
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BIK —————mmm—mmmm e

HRK ~  —m—mmmmmmmmmmm e

BID 178 INQNLRTYVRSLARNGMD-—-----

BAD @ ===

BIM 175 AEDHPRMVILRLLRYIVRLVWRMH

Figure 4B.

T-Coffee

BAD 1 MFQIPEFEPSEQEDSS——————————————————————————————————————————— S
BID 1 ——————- MDCEVNNGSSLRDECITNL--=-======—————————————————— ——— —— L-
BIK 1 - MSEVRPLSRDILMET-——-—===————————————————————————— LL
BIM 1 MAKQP----SDVSSECDREGRQLQPAERPPQLRPGAPTSLQTEPQGNPEGNHGGEGDSCP
HRK I - MCP-——————— == — CPp
BAD 18 AERGLGP--SPAGDG-—-—-—--- PSGSGKHHRQAPGL-—-=-=———-—— LWDASHQQEQPTSSSH
BID 21 ————————————— V-FGFLQSCSDNSFRRELDALGHELPVLAPOQWEGYDELQTDGNRSS
BIK 18 YEQLLEP---PTMEV-LGMTDSEEDLDPMEDFDST,——-—-- ECME---=-=====————— G
BIM 57 HGSPQGPLAPPASPGPFATRS—-——————————————————————"————~——~——~—————— PL
HRK 6 LHRGRGP-=-PAV—-————————mm— o — — —— CACSAG—-——-—-- RLGLRSS
BAD 61 HGGAGAVEIRSRHSS----- —-——-YPAGTEDDEGMGEEPSPFRGRS----RSAPPNLWAAQ
BID 66 HSRLGRIEADSESQEDIIRNIARHLAQVGDSMDRYI-—-—--—-—-————————— PPGL----
BIK 54 SDA-——-—-————————————- LALRLACIGDEMDVSLRAPRLAQLSEVAMHSLGLAF----
BIM 80 FIFMRRSSLLSRS-—-—---——- -SSGYFSFDT--—----———————————— DRSPAPMS———--
HRK 29 AAQL-———==——————————~— TAARLKALGDELHQ-|--—-——===————=—————————————
BAD 109 RYGR--ELRRMSDEFVDSF--———-—- KK-==——- GLPRPKSAGTATQMRQSSSWTRVEQS
BID 106 VNGLALQLRNTSRSEEDRNRDLATALEQLLQAYPRD-—-—---- MEKEKT----MLVLALLL
BIK 93 IYDQTEDIRDVLRSFMDGF----TTLKENIMRFWRSPNPGSWVSCEQVLLALLLLLALLL
BIM 110 CDKSTQTPSPPCQAFNHY----LSAMASMRQAEPADMRPEIWIAQE-——-———-—————— L
HRK 47 ----RTMWRRRARS-—-—-——-=-——==——==-———-———— RRAPAPGALPTYWPWLCAAAQVAALAA
BAD 154 -WWD----- RNLGRGSSAPSQ-——=—===—=——=————————————

BID 156 AKKVASHTPSLLRDVFHTTVNEFINQONLRTYVRSLARNGMD------—

BIK 149 -—-——-—-——- PLLSGGLHLLLK--———===—=——— === ————————

BIM 153 RRIGDEFNAYYARRVEFLNNYQAAEDHPRMVILRLLRYIVRLVWRMH

HRK 84 ————————- WLLGRRNL--=—===——— === === ————————— ——

Figure 4C.




Truong 25

MAP

BIK
BID
HRK
BAD
BIM

BIK
BID
HRK
BAD
BIM

BIK
BID
HRK
BAD
BIM

BIK
BID
HRK
BAD
BIM

BIK
BID
HRK
BAD
BIM

BIK
BID
HRK
BAD
BIM

BIK
BID
HRK
BAD
BIM

BIK
BID
HRK
BAD
BIM

57
44

29
98
95

36
113
151

58
164

52

83

110
125

———————————————————————————————— MCPCPLHRGRGPPAVCACSAGRLGLRSS
SSSHHGGAGAVETRSRHSSYPAGTEDDE-GMGEEPSPF-RGRS————-————————————
PEGNHGGEG----—--- DSCPHGSPQGPLAPPASPGPF-ATRSPLFIFMRRSSLLSRSSS

GYFSFDTDRSPAPMSCDKSTQTPSPPCQAFNHYLSAMASMROQAEPADMRPEIWIAQ—{--

RLKALGDELHQ-~—-————————————m oo RTMWRRR-ARSR
ELRRMSDEF—-—---—-- VDSFKKGLPRPKSAGTATQMRQSSSWTRVEQSWIHDRNLGRGS
ELRRIGDEFNAY[YARRVFLNNYQAAEDHPR--—--MVILRLLRY IVRLV---WRMH--—-—

---MSEVRPLSRDILMETLLYEQLLEPP----- TMEVLGMTDSEEDLDPME-DFDSLECM
CSDNSFRREL--DALGHEL---PVLAPQWEGYDELQTDGNRSSHSRLGRIEADSESQEDI

EGSDALALRLACIGDEMDVSLRAPRLAQLSEVAMHSLGLAFIYDQTEDIRDVLRSEMD-—
IRN--TARHLAQVGDSMDRSI-PPGLVN--—-—-=-———— GLAL------ QLRNTSRSEEDRN

-GFTTLKENIMREFWRSPNPGSWVSCEQVLLALLLLLALLL----P-LLSGGLHLLLK---
RDLATALEQLLQAY--PRD---MEKEKTMLVLALLLAKKVASHTPSLLRDVFHTTVNEFIN
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BIK =  ———————————————-
BID 180 QNLRTYVRSLARNGMD

HRK ~  ———————————————-

BAD —————————————— -

BIM —————mm———— -

Figure 4D.

ProAlign

HRK 1 ———- MCPCPLHRGRGPPAVC———-—-- ACSAGRLGLR-—====—==—————— SSAAQLT-
BIK 1 ----MSEVRPLSRDILMETLLYEQLLEPPTMEVLGMT-——=-——=——==————— DSEEDLDP
BIM 1 MAKQPSDVSSECDREGRQLOPAERPPQLRPGAPTSLQTEPQGNPEGNHGGEGDSCPHGSP
BID 1 MDCEVNNGSSLRDECITNLL-VFGFLQSCSDNSFRRELDALGHELPVLAPQWEGYDELQT
BAD 1 MFQIPEFEPSEQEDS-—————-=-——————— SSAERGLGPSPAGDGPSGSGKHHRQAPGLLW
HRK 34 ———-mm -AARLKALGDELHQH------=-=-—==-———-—————
BIK 42 MEDFDSLECMEGSDA-—----————-- LALRLACIGDEMDVYLRAPRLAQLS-—--—--- EVA
BIM 61 QOGPLAPPASPGPFATRSPLFIFMRRSISLLSRSSSGYFSFDIDRSPAPMSCDKSTQTPSPP
BID 60 DGNRSSHSRLGRIEADSESQEDIIRN[IARHLAQVGDSMDRYIPPGLVNGLALQLRNTSRS
BAD 47 DASHQQEQPTSSSHHGGAGAVEIRSRHSSYPAGTEDDEGMGEEEPSPFRGRSRSAPPNLWA
HRK 48 ———mmmmmm e TMWRRRARSRRAPAPGALPTYWPWLCAAAQVA
BIK 85 MHSLGLAFIYDQTEDIRDVLRSEMDGFTTLKENIMREFWRSPNPGSWVSCEQVLLALLLLL
BIM 121 CQAFNHYLSAMASMRQAEPADMRPEIWIAQELRRIGDEFNAYYARRVEFLNNYQAAEDHPR
BID 120 EEDRNRDLATALEQLLQAYPRDMEKEKTMLVLALLLAKKVASHTPSLLRDVEFHTTVNFIN
BAD 107 AQRYGRELRRMSDEFVDSFKKGLPRPKSAGTATQOMRQSSSWTIRVFQSWWDRNLGRGSSAP
HRK 80 ALAAWLL-GRRNL-----

BIK 145 ALLLPLLSGGLHLL--LK

BIM 181 MVILRLLRYIVRLVWRMH

BID 180 QNLRTYVRSLAR--NGMD

BAD 167 SQ-———-——————————-

Figure 4E.
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MultAlin

Bcl-2 1
Bcl-X 1
Bcl-W 1
Mcl-1 1
BFL-1 1
Bcl-2 1
Bcl-X 1
Bcl-W 1
Mcl-1 6l
BFL-1 1
Bcl-2 11
Bcl-X 5
Bcl-W 10
Mcl-1 121
BFL-1 1
Bcl-2 71
Bcl-X 63
Bcl-W 28
Mcl-1 179
BFL-1 3
Bcl-2 123
Bcl-X 116
Bcl-W 72
Mcl-1 239
BFL-1 63
Bcl-2 178
Bcl-X 171
Bcl-W 127
Mcl-1 295
BFL-1 123
Bcl-2 232
Bcl-X 226
Bcl-W 186
Mcl-1 344
BFL-1 170

INREIVMKYIHYKLSQRGYEW
NRELVVDFLSYKLSQKGYSW
TRALVADEVGYKLROKGY. .[......
SPEEELD. .GYEPEPLGKRPAVLPLLELVGESGNNTSTDGSLPSTPPPAEEEEDDLYRQS

PLOTPAAPGAAAGPALSPVP.P....
PAVNGATGHSSSLDAREVIPMA. ...
. .VCGAGPGE. .GPAADPL.......
LEIISRYLREQATGAKDTKPMGRSGATSRHALETLRRVGDGVORNHETAFQGMLRKLDIK
DCEFGYIYRLAQDYLQCVLQIPQPGSGPSHTSRVLONVAFSVOKEVEKNLKSCLDNVNVV

PFTARGR.FATVV
PGTAYQS.FEQVV
PGSAQQR.EFTOVS
NEDDVKS .LSRVM
SVDTARTLENQVM

TEYLNRHLH
ATYLNDHLH
VAYLETRLA
TDVLVRTKH

AEFIMNNT(Q

TWIQDNGGWD.AFVELY
PWIQENGGWD.TFVELY
DWIHSSGGWA.EFTALY
DWLVKQRGWD . GEVEF'H|

DAGDVGAAPPGAAPAPGIFSSQPGHTPHPAASRDPVARTS
S..QFSDVEENRTEAPEGTESEMETPSAINGNPSWHLADS

.. .\VHLTLROQAGDDFSRRYRRDFAEMSSQLHLT
.. .AVKOALREAGDEFELRYRRAFSDLTSQLHIT
....|.HOAMRAAGDEFETREFRRTFSDLAAQLHVT

MCVESVNREMSPLVD. ..NIALWM
LCVESVDKEMQVLVS. ..RIAAWM
LCAESVNKEMEPLVG. . .QVQEWM
FVAKHLKTINQESCIE...PLAESI
ILTKKLLROOIAPDVDTYKEISYEV

GPSMRPLFDF'....SWLSL.KTLLSLALVGACIT
GNNAAAESRK. .. .GQERFNRWEFLTGMTVAGVVL

EWIRQONGGWENGEVKKHE

GDGALEEARRLREGNWASVRTVLTGAVALGALVT
HVEDLE.......... GGIRNVLLAFAGVAGVGA
EPKS............. GWMTFLEVTGKICEMLS

LGAYLGHK
LGSLFSRK
VGAFFASK
GLAYLIR.
LLKQYC. .

Figure 5A.
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ClustalW

Bcl-W 1 - -
Bcl-X 1 -
Bcl-2 1 -
Mcl-1 1 MFGLKRNAVIGLNLYCGGAGLGAGSGGATRPGGRLLATEKEASARREIGGGEAGAVIGGS
BFL-1 A e et
Bcl-W 1 - -
Bcl-X I o MSQ
Bcl-2 ] o MAHAGRTGY

Mcl-1 61 AGASPPSTLTPDSRRVARPPPIGAEVPDVTATPARLLFFAPTRRAAPLEEMEAPAADAIM
BFL-1 L o

Bcl-w 1-------——— - MATPASAPDTRAL--—---
Bcl-X 4 |SNRELVVDEFLSYKLSQKGYSWSQOFSDVEENRTEAPEG-TESEMETPSAINGNPSW-—-——-
Bcl-2 10 [DNREIVMKYIHYKLSQORGYEWDAGDVGAAPPGAAPAPGIFSSQPGHTPHPAASRD---—-—
Mcl-1 121 |SPEEELDGYEPEPLGKRPAVIPLLELVGESGNNTSTDGSLPSTPPPAEEEEDDLYRQSLE
BFL-1 1/-----————————— - MTDCEFG—-—-—---

Bcl-W 14 VADFVGYKLROKGYVCGAGPGEGPAADPILHOAMRAAGDEFETHRERRTEFSDLAAQLHVTPG
Bcl-X 58 HLADSPAVNGATGHSSSLDAREVIPMAAVKQALREAGDEFELHYRRAFSDLTSQLHITPG
Bcl-2 65 PVARTSPLOTPAAPGAAAGPALSPVPPVVHLTLRQAGDDESRHYRRDEFAEMSSQLHLTPF
Mcl-1 181 IISRYLREQATGAKDTKPMGRSGATSRKALETLRRVGDGVQRNHETAFQGMLRKLDIKNE
BFL-1 8 —--YIYRLAQD-YLQCVLQIPQPGSGPSK[ITSRVLONVAFSVQKHVEKNLKSCLDNVNVVSV

Bcl-W 74 S—-AQQORETQOVST
Bcl-X 118 T-AYQSFEQVV
Bcl-2 125 T-ARGRFATVVH
Mcl-1 241 D-DVKSLSRVMI
BFL-1 65 DTARTLENQVME

ALCAESVNKEMEPLVG---QVQEWMVA
ALCVESVDKEMQVLVS—-—--RIAAWMAT
MCVESVNREMSPLVD---NIALWMTE
FVAKHLKTINQESCIE---PLAESITD
ILTIKKLLROQIAPDVDTYKEISYEVAE

Bcl-W 129 YLETRLADWIHSSGGWA-EFTALY[GDGALEEARRLRE--GNWASVRTVLTGAVALGALVT
Bcl-X 173 YLNDHLEPWIQENGGWD-TEVELY|GNNAAAESRKGOERFNRWEFLTGMTVAGVVLLGSLES

Bcl-2 180 YLNRHLHTWIQDNGGWD-AFVELYG----PSMRPLFD--FSWLSLKTLLS-LALVGACIT
Mcl-1 297 VLVRTKRDWLVKORCWD-GEVEFEH---VEDLEGGIR------ NVLLAFAGVAGVGAGLA
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Figure 6C.
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Figure 6D.
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Figure 6E.




